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Abstract 
 
Objectives: To determine whether pulmonary function tests can predict respiratory 
infection in persons with cervical spinal cord injury of less than one year duration. 
Methods: Pulmonary function tests and bedside measures of pulmonary function were 
assessed for all patients. Patients were followed up during the course of hospital stay 
and at 3 months after discharge to determine the incidence of respiratory infection. 
The differences in pulmonary function in patients who developed and those who did 
not develop respiratory infection were assessed and receiver operated characteristic 
curves were plotted to determine the predictive value of each test. Results: The 
percentage predicted values of Forced vital capacity (FVC%) and Forced expiratory 
volume in 1 second (FEV1%) were the best predictors of respiratory infection. Using 
cut-offs of 44.7% for Forced vital capacity (FVC%), and 43.7% for Forced expiratory 
volume in 1 second (FEV1%), the sensitivity of these tests for prediction of 
respiratory infection was 100%, with a specificity of > 85%. Among the bedside 
measures of pulmonary function, the Index of Pulmonary dysfunction correlated well 
with FVC% and FEV1% with slightly reduced sensitivity. 
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Aim of the Study 
 
To study the relationship between pulmonary functions and respiratory infection in 
patients with cervical spinal cord injury of less than one year duration. 
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Objectives 
 
1. To determine whether pulmonary function tests can predict respiratory infection 
in persons with cervical spinal cord injury of less than one year duration. 
2. To compare cost effective bedside measures of pulmonary function with 
conventional lung function tests for prediction of respiratory infection in persons 
with cervical spinal cord injury of less than one year duration. 
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Introduction 
 
Respiratory complications are the leading cause of mortality, morbidity and 
decreased quality of life in persons with complete high level spinal cord injury(1).  
 
Pneumonia is an important cause of mortality in persons admitted in trauma wards 
following acute spinal cord injury(2) with the incidence of pneumonia being the 
highest during the first few months after injury(3).  Among individuals with 
functionally complete cervical cord injury there is a recognizably higher 
percentage of deaths from pneumonia(4). A higher number of respiratory 
infections occurring during hospital stay has also been shown to significantly 
increase the length of hospital stay and hospital costs(5). 
 
Postma et all in 2009 demonstrated that pulmonary function tests could be used to 
predict respiratory infection in the first year after discharge from inpatient 
rehabilitation(6).  
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Justification for the study: 
Pulmonary functions in the acute stage of spinal cord injury have not been 
evaluated as predictors of respiratory infection during hospital stay. 
 
It is important to identify patients at risk for respiratory infection during an 
inpatient rehabilitation programme so that specific preventive strategies and 
respiratory training programmes can be instituted early. This study therefore 
proposes to measure pulmonary function in patients with cervical spinal cord 
injury of less than one year duration and determine if it can predict respiratory 
infection during hospital stay and at 3 months post discharge. 
 
In addition, incentive spirometry, chest expansion and “Index of Pulmonary 
Dysfunction in Multiple Sclerosis” will be compared with conventional lung 
function tests to determine the extent to which these cost effective bedside 
measures correlate with pulmonary function tests. 
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Review of Literature 
 
Disease definition – Spinal Cord Injury 
 
Spinal cord injury is “an acute traumatic lesion of the neural elements in the spinal 
canal, which results in temporary or permanent sensory deficit, motor deficit, or bowel 
and bladder dysfunction”(7). The causes of spinal cord injury include motor vehicle 
accidents, falls, acts of violence and sporting accidents such as diving.  
 
The spinal cord is located within the vertebral canal formed by the body vertebrae. 
There are 7 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 4 coccygeal vertebrae.  There 
are 8 pairs of cervical nerve roots in the spinal cord. The nerve roots of C1 to C7 exit 
above the corresponding vertebra and C8 nerve roots exit between C7 and T1 
vertebra. Each nerve root receives sensory input from an area of skin known as a 
dermatome and supplies motor output to a group of muscles known as a myotome. 
Injury to the cervical portion of the spinal cord results in impaired motor (inability to 
move a group of muscles) and sensory (perceptual abnormalities) function of the 
arms, trunk, pelvis and lower limbs.  
 
The neurological level of injury(NLI) refers to the most caudal segment of the spinal 
cord with normal sensory and antigravity motor function on both sides of the body, 
provided that there is normal (intact) sensory and motor function rostrally.  It can be 
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determined by systematic examination of the dermatomes and myotomes as described 
in the International Standards for Neurological Classification of Spinal Cord Injury, 
revised 2011(Annexure 1). A particular level of injury is further described as being 
neurologically  complete or incomplete based on the American Spinal Injury 
Association (ASIA) Impairment scale (AIS)(8)Fig 1. 
 
 
Fig 1. American Spinal Injury Association Impairment Scale (AIS) 
 
Global incidence 
The global incidence of traumatic spinal cord injury is between 3.6 to 195.4 patients 
per million(9). In developing countries the incidence ranges from 2.1 to 130.7 per 
million per year with a pooled incidence of 25.5 per million per year.  There is a much 
higher incidence in males (82.8% of cases) and the mean age at injury is 32.4years. 
Road traffic accidents and falls account for more than 75% of cases. Cervical spinal 
cord injuries account for 40.6% of traumatic spinal cord injuries in developing 
countries(10).   
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Indian scenario 
Specific epidemiological data relating to incidence and prevalence of spinal cord 
injury in India is lacking. Most available epidemiological data is derived from 
regional studies conducted in hospitals or rehabilitation centres(11).  Estimates from 
various studies(12) (11)  and data from the Rehabilitation Council of India(13) place 
the number of new cases of spinal cord injury at 15,000 to 20,000 per year.   
 
Local epidemiology 
The prevalence and incidence of Spinal Cord Injury in Tamil Nadu, India is 
unavailable as there is no central registry for persons with spinal cord injury, however 
the Rehabilitation Institute at Christian Medical College, Vellore has follow up data of 
all patients with Spinal cord injury referred from within a 100km radius of the 
centre(14).  Survival analysis of all patients with spinal cord injury rehabilitated from 
1981 to 2011, living within a 100km radius of the Rehabilitation institute revealed a 5 
year survival rate of 86%.  Survival rates in patients with complete high level cervical 
spinal cord injury was found to be substantially lower (14). 
 
Complications of spinal cord Injury 
Spinal cord injury results in changes in many organs and organ systems causing acute 
and long term complications that increase morbidity and mortality.  Cardiovascular 
complications such as hypotension and bradycardia secondary to neurogenic shock, 
acute respiratory failure, venous thromboembolism, infection and electrolyte 
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abnormalities are common in the acute stage of spinal cord injury(15). Respiratory 
complications are the leading cause of morbidity and mortality in the acute stage(16) 
and one of the leading causes of mortality in the chronic stage of spinal cord 
injury(1)(17).   
 
Respiratory complications 
 
The incidence of respiratory complications in persons with acute cervical cord injury 
has been estimated from various studies to be between 50 to 100%(5)(3)(18). The 
commonest respiratory complication in patients with spinal cord injury are 
pneumonia, atelectasis and respiratory failure(3). The cause specific mortality rates 
from pneumonia are 37 times higher in persons with spinal cord injury as compared to 
the normal population(1).  Cause specific mortality rates from various other 
complications have reduced in the recent years. However, mortality from pneumonia 
has remained the same, or increased(1). In addition to increasing mortality and 
morbidity, respiratory infections are also a cause of poor health-related quality of 
life(19). 
 
In a recent hospital based study conducted in North India on patients admitted with 
acute spinal cord injury, 36.4% of deaths were found to be due to respiratory tract 
infection. 93.8% of infections were found to be hospital acquired infections and a high 
level of multi drug resistance was found in patients who had died due to hospital 
acquired infections.(2).  
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Physiology of Respiration 
The function of the respiratory system is to supply oxygen to the tissues and remove 
carbon dioxide. This is achieved through pulmonary ventilation, diffusion of gases 
between the alveoli and blood, and transport of gases between the blood and the 
tissues of the body. Pulmonary ventilation involves flow of gases between the 
atmosphere and the alveoli. This is brought about by muscles which cause expansion 
and contraction of the lungs(20).  
 
The diaphragm is the primary muscle involved in pulmonary ventilation during 
normal quiet respiration. It is a dome shaped muculofibrous structure which separates 
the thoracic and abdominal cavities. It is innervated by the phrenic nerves whose 
motor neurons are located at C3 to C5 spinal segments(21). During inspiration the 
muscle fibres contract, and the dome of the diaphragm descends causing expansion of 
the lungs.  Expiration is caused by elastic recoil of the diaphragm and the relocation of 
the abdominal viscera which were displaced downward(22). Elevation of the ribs 
causes increase in antero-posterior and transverse diameter of the thorax. This is 
brought about by the external intercostals which are supplied by the intercostal 
nerves(T2 to T6).   
 
Accessory muscles recruited during forceful inspiration are the sternocleidomastoid 
muscle and the upper part of trapezius muscle which cause elevation of the upper ribs 
and are supplied by the spinal accessory nerve. The scalene muscles are supplied by 
spinal nerves C1 to C7 and cause elevation of the first rib. 
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Accessory muscles of expiration include the clavicular portion of the pectoralis major 
supplied by spinal nerves C5 to C7 and latissimus dorsi supplied by spinal nerves C6 
to C8. The internal and external obliques are supplied by the lower six intercostal 
nerves and subcostal nerve and the rectus abdominus by spinal nerves T5 to L1(23). 
Accessory muscles of expiration assist with forceful expiration(20).  
 
Respiratory System changes in Spinal Cord Injury 
The changes to the respiratory system caused by spinal cord injury leads to respiratory 
dysfunction which causes significant morbidity and mortality.  This can be explained 
by the following(16): 
1. Impairment in inspiratory capacity 
2. Retention of secretions  
3. Autonomic dysfunction 
 
Impairment in inspiratory capacity is primarily due to decreased inspiratory muscle 
strength and fatigue. Spinal cord injury causes partial or complete paralysis of muscles 
innervated at and below the level of injury(24). At higher levels of cervical cord 
injury,  more respiratory muscles are paralysed(25). Injuries between C3 to C5 can 
cause variable diaphragmatic paralysis and may necessitate mechanical 
ventilation(26).   Injuries between C6 to C8 preserve diaphragmatic function, but 
paralysis of the intercostals muscles result in a mechanical disadvantage and thus 
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increase the work of breathing(27). This causes respiratory muscle fatigue particularly 
in the setting of increased load such as pneumonia or airway obstruction(28)(26). 
 
Paradoxical chest wall motion is another important cause of reduced inspiratory 
capacity.  During normal quiet inspiration, descent of the diaphragm increases the 
vertical diameter of the thoracic cavity and reduces the intrathoracic pressure causing 
air to enter the lungs.  Contraction of the external intercostal muscles increases the 
lateral and anteroposterior diameters of the thoracic cavity and also contributes to 
lowering the intrathoracic pressure(29)(30). In persons with cervical cord injury, the 
intercostal muscles are paralysed and reduced intrathoracic pressure caused by 
contraction of the diaphragm results in depression of the ribs. This results in a 
paradoxical breathing pattern which reduces inspiratory capacity(29). Fig 2. 
 
Another cause of reduction in inspiratory capacity is chest wall rigidity. In persons 
with cervical cord injury, the abdominal compartment is highly compliant.  Chest wall 
compliance on the other hand is reduced due to ankylosis between the ribs and the 
spine or sternum. This results in chronically low lung volumes as full expansion of the 
chest is prevented. In later stages, muscle spasticity may contribute to chest wall 
stiffness(31)(32). 
 
 
14 
 
 
Fig 2: Paradoxical breathing in persons with tetraplegia as a result of paralysis of 
intercostal muscles 
 
 
Atelectasis refers to a loss of lung volume due to collapse of lung tissue. It is 
ubiquitous in patients with cervical spinal cord injury(5)(33).  Causes of atelectasis in 
spinal cord injury include reduced expansion of the lungs due to respiratory muscle 
weakness, retained bronchial secretions causing mucous plugging due to ineffective 
cough, and autonomic nervous system dysfunction leading to bronchospasm and 
bronchial mucous hypersecretion(25). Atelecatsis is particularly common in the first 
few days after spinal cord injury(16). 
 
Complete cervical spinal cord injury causes paralysis of all the major muscles of 
expiration(34). This results in an ineffective cough effort, which in the setting of 
APD: Antero-posterior diameter 
VD: Vertical diameter 
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increased secretion caused by bronchial hyperresponsiveness and unopposed 
parasympathetic activity, leads to atelectasis, pneumonia and eventual respiratory 
failure(35)(36). Peak cough flow rates are consistently low in cervical cord lesions, 
increasing linearly as the level of lesion descends(37). 
 
Autonomic nervous system dysfunction in persons with cervical spinal cord injury 
results from loss of supraspinal control of the sympathetic circuits located in the 
thoraco-lumbar segments of the spinal cord. Unopposed parasympathetic outflow then 
results in cardiovascular, respiratory, thermoregulatory, bladder, bowel and sexual 
dysfunction. After the resolution of spinal shock, uncontrolled peripheral sympathetic 
tone develops and may lead to life threatening autonomic dysreflexia(38). 
Bronchospasm and increased mucous secretion are the major effects of unopposed 
parasympathetic tone on the respiratory system. Studies on the use of bronchodilators 
in patients with cervical spinal cord injury have unmasked an obstructive component 
of respiratory impairment in these patients. This is thought to be due to the effect of 
unopposed parasympathetic tone on the bronchial smooth musculature(39). Bronchial 
mucus hypersecretion is due to unopposed vagal stimulation of bronchial mucous 
glands(40).   
 
Assessment of Respiratory Dysfunction in Spinal cord injury 
 
Pulmonary function tests are commonly used for diagnosis and follow up of 
respiratory dysfunction in persons with neuromuscular disorders(41).  Drs. Stone and 
Keltz(42) in 1963 were among the first to study pulmonary functions in persons with 
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cervical and thoracic level spinal cord injury. They described a restrictive pulmonary 
dysfunction and also derived the changes occurring in the components of vital 
capacity(43). Since then there has been considerable research into pulmonary function 
in persons with spinal cord injury. 
 
Pulmonary function tests are most widely performed using Spirometry which is a 
physiological test that measures how the patient inhales or exhales particular volumes 
of air as a function of time. The results are expressed in terms of flow or volume(44). 
The commonly measured lung volumes and capacities are summarised below (Fig 3). 
“Lung volumes” commonly refer to the volume of gas within the lung as measured by 
body plethysmography, gas dilution or washout. “Lung capacities” on the other hand 
are derived by combining two or more lung volumes. Absolute lung volumes, residual 
volume and any lung capacity derived from residual volume (Functional residual 
capacity and Total lung capacity) cannot be measured directly by spirometry(45).  
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Fig 3: Static lung volumes and capacities - IRV: inspiratory reserve volume; TV: 
tidal volume; ERV: expiratory reserve volume; VC: vital capacity; RV: residual 
volume; IC: inspiratory capacity; FRC: functional residual capacity; TLC: total 
lung capacity 
 Tidal Volume (TV) is the volume of gas inhaled and exhaled during the 
respiratory cycle 
 Functional residual capacity (FRC) is volume of air remaining in chest at 
the end of a tidal volume breath 
 Expiratory reserve volume (ERV) is volume of air exhaled from end-tidal 
volume (FRC) to point of maximal exhalation (RV) 
 Inspiratory capacity (IC) is maximum inspiration from end-tidal volume 
(FRC) to total lung capacity 
 Residual volume (RV): volume of air remaining in chest after maximal 
exhalation 
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 Vital capacity (VC) is the maximum volume of air that can be exhaled 
after maximum inspiration.  It can be measured as two variables: forced 
vital capacity (FVC) and slow vital capacity (SVC) 
 Total lung capacity (TLC): volume of air in lungs at end of maximal 
inspiration or the sum of all the lung volumes  
 
The commonly performed tests using standard spirometry are forced vital capacity 
(FVC), forced expiratory volume in 1 second (FEV1) and peak expiratory flow rate 
(PEFR). 
 
Forced vital capacity (FVC) is the volume delivered during an expiration made as 
forcefully and completely as possible starting from full inspiration. Forced expiratory 
volume (FEV1) in one second is the volume delivered in the first second of an FVC 
manoeuvre. Peak expiratory flow rate (PEFR) is the highest flow achieved from a 
maximum forced expiratory manoeuvre started without hesitation from a position 
of maximal lung inflation(44).  
 
The American Thoracic Society (ATS) and European Respiratory Society (ERS) have 
set standards for acceptability and reproducibility of spirometry(44) given in 
Annexure 2.  The Standards require a prompt onset of expiration with minimum 
possible back extrapolated volume. The start of the FVC manoeuvre is considered 
acceptable by ATS standards if the back extrapolated volume is less than 5% or 
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150ml, whichever is greater. The end of the test is considered satisfactory if the 
patient exhales for more than 6 seconds.  
Forced vital capacity (FVC) and Forced expiratory volume (FEV) in one second are 
plotted on volume-time curves Fig 4B. Results are selected from a series of at least 3 
forced expiratory curves that have an acceptable start and are free from artefact. The 
largest FVC and FEV1 are selected from the 3 acceptable curves. 
 
FEV1 and FVC can also be represented using Flow-Volume loops Fig 4A. A Flow-
Volume loop requires a forced inspiratory manoeuvre in addition to the conventional 
expiratory manoeuvre. FVC, FEV1 and PEFR can be calculated using a Flow-Volume 
loop. The shape of the loop serves as a useful indicator for quality control and 
repeatability criteria since repeatable loops from the same patient will be similar in 
shape. The shape also helps to detect upper airway obstruction(44). 
 
Fig 4: (A) Flow-Volume loop, (B) Volume time curve, VC-Vital Capacity, FEV1-
Forced expiratory volume in one second 
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Studies examining pulmonary function need to meet ATS/ERS acceptability criteria, 
however respiratory muscle paralysis in patients with spinal cord injury makes 
acceptability of expiratory manoeuvres uncertain. Kelly et al in 2003 examined the 
spirometry testing standards in spinal cord injury and analysed the determinants of test 
failure(46). The study found that 17% of 278 subjects were unable to produce 
acceptable trials due to failure to expire for more than 6 seconds or delay in the onset 
of expiration causing excessive back extrapolated volume. On analysis of the 
determinants of test failure, it was found that the subjects with unacceptable efforts 
had lower percentage predicted FVC and FEV1 values and a greater proportion had 
neurologically complete cervical level spinal cord injury. If the criteria for excessive 
back extrapolated volume were relaxed, and a 0.5 second plateau at residual volume 
was accepted instead of a 6 second expiratory phase, then 92% of subjects were able 
to produce reproducible efforts. The study concluded that since subjects with the most 
impaired respiratory function could produce reproducible efforts, despite not strictly 
adhering to ATS/ERS standards, these efforts should be considered acceptable and 
included in study data to avoid bias. 
 
Spirometric studies in patients with Spinal cord injury 
Early studies established that ventilatory dysfunction in high spinal cord injury was 
primarily restrictive, with reduction in Forced vital capacity to below 80% of 
predicted values in patients with lesions above T6(42). Studies performed on large 
cohorts of persons with spinal cord injury in recent years elucidated a linear 
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relationship between pulmonary function parameters and level of injury. Forced vital 
capacity (FVC), forced expiratory volume in 1 second (FEV1), and peak expiratory 
flow (PEF) were found to be inversely related to level of injury(47)(48)(49). At any 
given level of injury, persons with motor complete injury were found to have 
significantly lower pulmonary function parameters(47). Values of Forced vital 
capacity (FVC) and forced expiratory volume in 1 second (FEV1) ranged from 40 to 
65 percentage of predicted values, in persons with motor complete cervical cord 
injury(49). Motor incomplete injuries predicted an increase in Forced vital 
capacity(FVC) of 10 to 16 percentage points(48). 
 
Factors other than level of lesion and completeness of injury that determine 
pulmonary function have also been studied. Smoking and obesity were found to be 
associated with significantly lower Forced expiratory volume in 1 second (FEV1) and 
Peak expiratory flow rate (PEFR)(47)(49).  Age was shown to negatively affect 
pulmonary function, with Forced vital capacity (FVC) and Forced expiratory volume 
in 1 second (FEV1) declining with increasing age(49). Time since injury is another 
major determinant of pulmonary function and is discussed below. 
 
Time course of pulmonary function  
Several studies have assessed pulmonary function in spinal cord injury longitudinally. 
Ledsome et al(50) measured pulmonary function at 1 week, 3 weeks, 5 weeks, 3 
months and 5 months post cervical spinal cord injury in 12 patients. They reported an 
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initial Vital Capacity of 30% of predicted values at 1 week post injury, followed by a 
significant improvement in Vital capacity by 5 weeks. By 5 months post injury, Vital 
capacity improved to 55% of predicted values. Bluechardt et al(51) measured 
pulmonary function at 2 monthly intervals from 1 month till 1 year post injury. They 
found an improvement in Forced vital capacity (FVC) of 32.5% and Forced expiratory 
volume in 1 second (FEV1) of 40% over the duration of the study. They also noted 
that the level of lesion did not correlate with the amount of improvement attained.     
 
Tests of respiratory muscle strength 
The strength of the muscles of respiration cannot be assessed from spirometry. Testing 
strength of respiratory muscles involves use of devices that can measure pressure. 
Pressure can be measured either during volitional manoeuvres or during 
diaphragmatic contraction in response to phrenic nerve stimulation(52). Volitional 
tests of respiratory muscle strength include Maximum Static Inspiratory Pressure 
(PImax), Maximum Static Expiratory Pressure (PEmax), Maximum Sniff Pressure and 
Maximum Cough Pressure. Maximum static inspiratory (PImax) and expiratory 
(PEmax) pressures are measured at the mouth and reflect the strength of the 
inspiratory and expiratory muscles respectively. The pressures measured include not 
only that generated by the muscles of respiration, but also that of the passive elastic 
recoil of the lungs and chest wall(52). Alvisi et al(53) studied Maximum static 
inspiratory (PImax) and expiratory (PEmax) pressures in 32 patients with cervical 
spinal cord injury within 1 year of injury. Maximum Static Inspiratory Pressure 
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(PImax) was reduced to 35% of predicted values for healthy controls, and Maximum 
Static Expiratory Pressure (PEmax) to 15% of predicted values.  
 
Bedside tests of pulmonary function 
Bedside tests of pulmonary function are rapid, easy to perform and do not require 
expensive equipment or trained technicians. 
 
The “Index of Pulmonary Dysfunction in Multiple Sclerosis (Index)” was developed 
to assess the level of pulmonary dysfunction in patients with Multiple Sclerosis. It 
comprises of four readily assessed clinical parameters i.e. the patient’s and examiner’s  
rating of the patient’s ability to cough, a history of difficulty in handling secretions 
and a Single breath count. The Index has been shown to have high validity and 
reliability in predicting respiratory muscle weakness in patients with neurological 
disease(54). 
 
The “single breath count” has been used to measure pulmonary function in 
children(55), and to monitor declining respiratory capacity in patients with Guillian 
Barre Syndrome(56). It has been shown to correlate well with Forced expiratory 
volume in 1 second (FEV1) and Peak expiratory flow rate (PEFR) in patients 
undergoing routine Pulmonary function testing(57).  The utility of single breath 
counting in patients with spinal cord injury has not been studied. 
24 
 
 
The difference in chest circumference between maximal inhalation and exhalation or 
“Chest Expansion” has long been used as a simple bedside measure of pulmonary 
disease(58).  It has moderate to high inter-rater reliability in persons with and without 
pulmonary disease(59). 
 
Management of Respiratory Complications 
 
Management of respiratory complications may be preventive or curative. Patients with 
complete lesions above the 4
th
 cervical vertebra will usually require mechanical 
ventilation(60)(61). Lower levels of cervical injury and incomplete lesions can be 
managed with conservative measures. Conservative measures are aimed at 
mobilization of secretions, prevention of atelectasis and strengthening of respiratory 
muscles.  
 
Early, intensive therapy for management of secretions can prevent development of 
pneumonia, mucous plugs and atelectasis, and improve patient outcomes(62). Postural 
drainage involves passive positioning of the patient in different positions that facilitate 
movement of secretions from peripheral regions of the lungs to the main bronchi 
where they can be easily expectorated or aspirated by suctioning(35). Chest 
physiotherapy, or percussion and vibration techniques consist of tapping the chest wall 
manually or with an external vibrating device to mobilize secretions(63). The 
25 
 
manually assisted cough or “quad cough” consists of forceful upper abdominal thrusts 
which coincide with the patients’ voluntary cough effort, in order to expectorate 
secretions. A mechanical alternative is the “Mechanical insufflator-exsufflator” which 
is a device which provides a positive pressure to the airways via a facemask followed 
immediately afterwards by a sudden negative pressure(64). Each session usually 
consists of 6 to 8 cycles of insufflation-exsufflation(65).   This method has been 
shown to significantly reduce the number of hospitalizations due to respiratory 
infection, especially in smokers with spinal cord injury(66). A newer modality for 
management of secretions is electrical stimulation of muscles of expiration. 
Preliminary studies using this method have shown an improvement in cough 
effort(67) and a reduction in the number of respiratory tract infections along with an 
improved quality of life(68). 
 
Respiratory muscle training involves use of resistive (strength based) or endurance 
based exercises to improve the strength of the inspiratory or expiratory muscles(69). A 
recent Cochrane review on the use of respiratory muscle training exercises in spinal 
cord injury concluded that respiratory muscle training significantly increases 
respiratory muscle strength and possibly improves lung volumes in persons with 
cervical spinal cord injury. There was insufficient evidence however, to determine 
long term functional outcomes such as incidence of respiratory infection and hospital 
admissions(70). The Department of Physical Medicine and Rehabilitation at Christian 
Medical College, Vellore, conducted a study to determine the long term effects of 
diaphragmatic strengthening using abdominal weights in patients with cervical spinal 
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cord injury. There was a progressive increase in strength of the diaphragm measured 
using EMG, as well as an increase in lung volumes over the course of the study(71). 
Another study by the same group compared respiratory muscle training with incentive 
spirometry in patient with cervical spinal cord injury, and concluded that the 
improvement in strength of the diaphragm was significantly better in the group which 
underwent respiratory muscle training with abdominal weights(72). 
 
Patients with higher cervical spinal cord injuries will require assistive ventilation 
techniques. These may be either invasive or non-invasive. Glossopharyngeal breathing 
uses the muscles of the oral cavity, pharynx and larynx to force air into the lungs, 
thereby improving ventilation.  It requires no additional equipment but can be difficult 
to learn(73). Non-invasive positive pressure ventilation can be provided using 
continuous (Continuous Positive Airway Pressure), intermittent (Intermittent Positive 
Pressure Breathing), or bilevel (Bilevel Positive Airway Pressure) pressures delivered 
via a face or nasal mask. It can be used continuously or during the night to prevent 
respiratory muscle fatigue. It has proven to be useful in management of ventilator 
dependant patients, and during intercurrent respiratory infections to prevent 
respiratory failure(74). 
 
Invasive ventilation is delivered by intubation or via a tracheostomy. Patients with 
complete lesions above the 4
th
 cervical vertebra usually require mechanical 
ventilation(60)(61).  In the west, intubation and mechanical ventilation is performed in 
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40% to 70% of patients with acute spinal cord injury(75)(61). A tracheostomy is 
generally performed if the patient requires mechanical ventilation for more than 10 
days(75). Patients who require a tracheostomy tend to have a higher incidence of 
ventilator associated pneumonia and are more difficult to wean from mechanical 
ventilation(76). Large case series have reported successful weaning from mechanical 
ventilation in 72% to 85% of patients with cervical spine injuries(76)(77).  
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Methodology 
a. Study Design: The study was a prospective cohort study which aimed to study 
the relationship between pulmonary functions and respiratory infection in 
patients with cervical spinal cord injury, with the objective of determining 
whether pulmonary function tests could predict respiratory infection in persons 
with cervical spinal cord injury of less than one year duration. A secondary 
objective of the study was to compare cost effective bedside measures of 
pulmonary function, with conventional lung function tests for prediction of 
respiratory infection in persons with cervical spinal cord injury of less than one 
year duration. 
 
The study was approved by the Institutional Review Board – Research and 
Ethics Committee – IRB Min No: 8720 [OBSERVE] dated 06.03.2014. 
(Annexure 3) 
 
b. Setting: The study was conducted at the Department of Physical Medicine and 
Rehabilitation, Christian Medical College, Vellore. Subjects were recruited 
from April 2014 to June 2015. The subjects were followed up during the course 
of their hospital stay and for 3 months post discharge from hospital. Data 
collection ended in August 2015. 
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c. Participants: 
  
Eligibility criteria: Persons with cervical spinal cord injury who were admitted 
for rehabilitation within one year of injury were recruited for the study. 
Participants had to be aged between 15 to 60 years. All participants were given 
an information sheet detailing the purpose of the study and study procedures 
(Annexure 4).  Only subjects who expressed willingness to participate in the 
study and gave written consent for the same were recruited (Annexure 5). 
Subjects who could not sign their names due to upper limb weakness secondary 
to cervical spinal cord injury were required to affix their thumb impression on 
the consent form. 
 
Exclusion criteria: 
1. Recent Myocardial Infarction (1 month)  
2. Recent stroke, eye surgery, 
3. Thoracic/abdominal surgery  
4. Haemoptysis 
5. Recent pneumothorax  
6. Uncontrolled hypertension  
7. Pulmonary Embolism  
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Source: Patients who were admitted under department of Physical Medicine 
and Rehabilitation, Christian Medical College, Vellore for rehabilitation or 
management of complications related to spinal cord injury were recruited for 
the purpose of the study. 
 
Method of case ascertainment: Patients diagnosed with traumatic spinal cord 
injury above T1 level American Spinal Injury Association (ASIA) Impairment 
Scale (AIS) A, B or C as determined by the treating physician at the time of 
admission (Annexure 1).  
 
d. Variables:  
 
Demographic Variables: 
1. Age 
2. Sex 
3. Region 
4. Occupation 
5. Smoking history 
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Clinical Variables: 
1. Level of Injury 
2. ASIA Impairment Scale(A/B/C) 
3. Mode of injury 
4. Time since injury 
5. Length 
6. Weight 
7. Body Mass Index 
8. Chest Expansion 
9. Previous Pulmonary Tuberculosis 
10. History of Asthma or COPD 
11. Presence of pressure ulcers 
 
Age, gender, history of smoking and history of asthma or pulmonary tuberculosis 
were noted at the time of admission. Body weight, length, body mass index (BMI) 
(i.e. body weight (kg)/height (m²)), level and completeness of lesion were measured at 
the time of admission. Presence or absence of pressure ulcers was noted. A person was 
defined as a smoker if he had smoked for any length of time prior to the spinal cord 
injury.  
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Predictors: 
 
Pulmonary function: 
Pulmonary function was determined within two weeks of admission or when the 
patient was clinically stable to perform the pulmonary function tests, whichever was 
earlier. Spirometric values were obtained by forced spirometry measurements with the 
Easy One Diagnostic EU 5.5 Spirometer. Spirometry was performed by all patients in 
supine position. In addition, patients who had a stable spine injury as determined by 
surgical fixation and time since injury, also performed spirometry in seated position 
while supported by a backrest. For the purpose of the test, a nose clip was placed on 
the patient. A disposable mouthpiece attached to the breathing tube was placed in the 
patient’s mouth and he/ she was asked to seal their lips tightly around the mouthpiece. 
The patient was asked to breathe normally a few times and then inspire rapidly and 
completely, followed immediately by a rapid and complete exhalation till he/ she 
could not blow any more air out of the lungs. Results were selected from a series of at 
least 3 forced expiratory curves that had an acceptable start and were free from 
artefact. The largest Forced vital capacity (FVC) and Forced expiratory volume in 1
st
 
second (FEV1) were selected from the 3 acceptable curves. The Forced vital capacity 
(FVC), Forced expiratory volume in 1
st
 second (FEV1) and Peak expiratory flow 
rate(PEF) were  expressed in absolute values and percentage of the predicted values 
(based on Asian values for able-bodied persons of the same age, gender, and height).  
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Definitions of pulmonary function tests used in the study were as per the American 
Thoracic Society and European Respiratory Society (ATS/ERS) Statement on 
Respiratory Muscle Testing (2002) and the American Thoracic Society and European 
Respiratory Society (ATS/ERS) task force standardisation of lung  function testing 
(2005) 
 
Forced vital capacity (FVC): the maximal volume of air exhaled with maximally 
forced effort from a position of maximal inspiration 
 
Forced expiratory volume in 1
st
 second (FEV1): the maximal volume of air exhaled in 
the first second of a forced expiration from a position of full inspiration 
 
Peak expiratory flow rate (PEF):  the highest flow achieved from a maximum forced 
expiratory manoeuvre started without hesitation from a position of maximal lung 
inflation. The patient was asked to inspire maximally and then blow as forcefully and 
as rapidly as possible without any delay into a device that measured airflow.  
 
Maximum Inspiratory pressure (PI max): Maximum static inspiratory pressure that a 
patient could generate at the mouth was measured using a digital pressure manometer, 
as the patient inspired forcefully from residual volume till total lung capacity.   
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Maximum Expiratory pressure (PE max): The maximum static expiratory pressure 
that a patient could generate at the mouth was measured using a digital pressure 
manometer, as the patient expired forcefully from total lung capacity till residual 
volume. 
 
Figure 5 shows a Flow-volume loop and a volume-time curve of a patient with C5 
Complete cervical cord injury. Both graphs show a severe reduction in Forced vital 
capacity (FVC) as well as Forced expiratory volume in 1 second (FEV 1). The ratio of 
FEV 1/FVC, however is maintained at 94% indicating a purely restrictive defect. The 
Peak expiratory flow is also reduced to 51% of predicted values due to expiratory 
muscle weakness.  
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Figure 5: Flow-volume loop and a volume-time curve of a patient with C5 
Complete cervical cord injury. Percentage predicted values based on Asian 
values for able-bodied persons of the same age, gender, and height 
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Bedside measures of Pulmonary Function 
 
Index of Pulmonary Dysfunction: 
The Index of Pulmonary Dysfunction is a clinical predictor of respiratory 
dysfunction. It is used to assess the level of pulmonary dysfunction in patients 
with Multiple Sclerosis. It comprises of four readily assessed clinical 
parameters i.e. the patient’s and examiner’s rating of the patient’s ability to 
cough, a history of difficulty in handling secretions and a Single breath count. 
The Single breath count was performed by asking the patient to inspire 
maximally and then count at the rate of 2 counts per second in his/ her normal 
speaking voice. The manoeuvre and speed of counting were first demonstrated 
to the patient by the examiner. The Index has been shown to have high validity 
and reliability in predicting respiratory muscle weakness in patients with 
neurological disease(54). A higher score on the index indicates the presence of 
more clinical signs and is expected to be associated with more disturbed 
pulmonary function test results. 
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Index of Pulmonary Dysfunction  
Patient rating 
 History of difficulty handling mucus/secretion  
No 1 
Yes 2 
 Cough 
Normal 1 
Weak 2 
 
 
Examiner rating 
 Strength of patient’s cough when asked to cough voluntarily as 
forcefully as possible 
Normal 1 
Weak 2 
Very weak/ inaudible 3 
 Single breath count: Value reached when patient counts aloud on a 
single exhalation after maximum inspiratory effort at the rate of 2 counts 
per second  
>30 1 
20 – 29 2 
10 – 19 3 
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Inspiratory flow rate:  The flow rate measured using a Triball incentive spirometer. 
Flow rates were measured by asking the patient to inhale maximally in order to raise 
as many of the 3 balls as possible and hold the breath at the height of inspiration for 2 
seconds. Flow rates that can be measured are 600ml/sec (1 ball), 900ml/sec (2 balls), 
and 1200ml/sec (3 balls). 
 
Chest expansion: Chest expansion was measured at the 4
th
 intercostals space with a 
tape measure, as the difference in chest circumference between maximal inhalation 
and maximal exhalation 
 
Outcomes:  
Lower respiratory tract infection: 
During hospital stay, patients were assessed on a daily basis for development of 
respiratory infection. A physician determined lower respiratory infection as 
defined by the Diagnostic criteria of the CDC guideline for clinically defined 
pneumonia was used to follow up patients during hospital stay and three 
months after discharge by telephonic interview to determine number of 
episodes of lower respiratory infection requiring medical intervention. 
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CDC surveillance definitions for clinically defined pneumonia were used to 
assess patients for pneumonia. 
 
The diagnostic algorithm is as follows and is available from the following 
source: 
http://www.cdc.gov/nhsn/pdfs/pscmanual/17pscnosinfdef_current.pdf 
  
Two or more serial chest radiographs with at least one of the following:  
• New or progressive and persistent infiltrate  
• Consolidation  
• Cavitation  
NOTE: In patients without underlying pulmonary or cardiac disease (e.g., 
respiratory distress syndrome, bronchopulmonary dysplasia, pulmonary edema, 
or chronic obstructive pulmonary disease), one definitive chest radiograph is 
acceptable. 
  
OR 
 
FOR ANY PATIENT,  
1. At least one of the following:  
• Fever (>38°C or >100.4°F)  
• Leukopenia (<4000 WBC/mm3) or leukocytosis (≥12,000 WBC/mm3)  
• For adults ≥70 years old, altered mental status with no other recognized cause  
41 
 
 
 
2. And at least two of the following:  
• New onset of purulent sputum, or change in character of sputum, or increased 
respiratory secretions, or increased suctioning requirements  
• New onset or worsening cough, or dyspnea, or tachypnea 
• Bronchial breath sounds  
• Worsening gas exchange (e.g., O2 desaturations (e.g., PaO2/FiO2 ≤240), 
increased oxygen requirements, or increased ventilator demand) 
Patient follow- up 
 
At the time of discharge patients were given a form with the CDC criteria for 
pneumonia to be filled by their local primary care physician in case of 
development of pneumonia within 3 months from the time of discharge.  
Patients were contacted by phone 3 months after discharge from the hospital 
and if they had developed pneumonia, information filled in the form was 
obtained telephonically. 
 
The performa for data collection and the form for post discharge follow up are  
attached as Annexure 6 and 7 for reference: 
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Secondary Outcomes: 
1. Mortality 
2. Length of hospital stay 
 
 
e. Bias:  
The pulmonary technician administering the Pulmonary function test was 
blinded to the level and completeness of the lesion to avoid bias in interpreting 
Flow volume loops, patient effort and reproducibility. 
 
f. Sample size: 
The sample size was calculated using data from the following study: 
Postma K, Bussmann J, Haisma J, van der Woude L, Bergen M, Stam H. 
“Predicting respiratory infection one year after inpatient rehabilitation with 
pulmonary function measured at discharge in persons with spinal cord injury”.  
 
Based on mean FEV1% in patients who go on to develop respiratory infection 
and those who do not develop respiratory infection; 
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Two Means - Hypothesis testing for two means 
Standard deviation in group I (with respiratory infection)                   21 
Standard deviation in group II (without respiratory infection)            21 
Mean difference in FEV1% between group I and II                            18 
Effect size                                                                                                       
0.857143 
Alpha error (%)                                                                                              
5 
Power (1 - beta) %                                                                                        
80 
1 or 2 sided                                                                                                  2 
Required sample size per group                                                                21 
 
The required sample size to show that the difference of about 18% in FEV1 % 
with a variability of about 21% was found to be 21 in each arm with 80% 
power and 5% level of significance. 
 
Therefore the sample size is 40 patients with cervical cord injury. 
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g. Statistical methods:  
 
Descriptive statistics were calculated for all demographic and clinical variables. 
Patients were divided into 2 groups based on the occurrence of respiratory infection 
(With respiratory infection / without respiratory infection). These 2 groups were tested 
for differences in patient related and lesion relation characteristics using the Chi 
Square test for nominal and Mann-Whitney U test for continuous variables. 
Differences in pulmonary function were considered significant if P<0.05. The 
sensitivity and specificity of pulmonary function parameters was calculated using 
ROC curve analysis. The area under the curve (AUC) was used to determine which 
pulmonary function parameters could accurately predict respiratory infection. Cut-off 
values for each parameter were determined based on the highest sum of sensitivity and 
specificity. 
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Results 
21 patients were recruited between April 2014 and June 2015. Pulmonary function 
tests and bedside measures of pulmonary function were performed for all patients 
within 2 weeks of admission.  All the patients were followed up during the inpatient 
rehabilitation programme, to ascertain the development of pneumonia. 3 months post 
discharge follow up data was available for 15 patients. 
 
6 (28.57%) out of the 21 patients had one documented episode of pneumonia during 
hospital stay. None of the 15 patients for whom post discharge data was available had 
any documented episodes of pneumonia within three months following discharge from 
hospital. 
 
The flow chart of the study population is given in Figure 6 below. 
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Figure 6: Flow chart of the study population 
 
Patients presenting to PMR with cervical spinal 
cord injury of less than one year duration  
n = 21 patients 
Fulfilling inclusion criteria 
Giving informed consent 
n = 21 patients 
 
LEFT ISCHIAL ULCER EXCISION 
AND DIRECT CLOSURE 
AT ENROLLMENT 
1. History  
2. Clinical examination 
3. AIS 
4. IPD  scale  
5. Inspiratory flow rate  
6. Chest expansion 
7. Spirometry 
1. FeV1 
2. FVC 
3. PeFR 
4. PI max 
5. PE max  
 
 
 
 
 
Pneumonia After 
Discharge 
 
3 MONTH FOLLOW UP  
Telephonic interview of patients for detecting respiratory 
infection requiring medical intervention after discharge from 
hospital 
n = 15 patients 
YES NO 
n = 6 patients n = 15 patients 
YES NO 
n = 0 patients n = 15 patients 
 AIS: AISA Impairement Scale 
 IPD: Index of pulmonary 
dysfunction 
 Inspiratory flow rate: Measured 
using incentive spirometer 
Pneumonia 
during hospital 
stay 
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DEMOGRAPHY 
The demographic characteristics of the patients in this study are given in Table 1.  
 
Table 1: 
 Total population n=21 
Age, years, Mean(SD) 35.33 (13.778) 
Gender, male (%) 20 (95.24) 
Smokers (%) 5 (23.80) 
Surgically Stabilized (%) 11 (52.38) 
Asthma (%) 1 (4.76) 
Diabetes (%) 2 (9.52) 
BMI>24.9 (%) 5 (23.80) 
Pressure Ulcers (%) 8 (38.10) 
Time since injury, days, median 
(min,max) 
58  (12,355) 
Injury above C5 (%) 10 (47.62) 
Motor complete injury (%) 14 (66.67) 
Hospital Stay, days, median (min,max) 60 (12,123) 
 
 Table 1: Demographic characteristics of the study population 
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PULMONARY FUNCTION PARAMETERS OF THE STUDY POPULATION 
The pulmonary function parameters of the study population are given in Table 2. 
 
Table 2: 
Pulmonary function test Total population n=21 
FVC, litres 
1.96(0.58) 
FVC% 
49.26(14.35) 
FEV1, litres 1.72(0.50) 
FEV1% 50.86(14.58) 
FEV1/FVC% 88.34(8.54) 
PEFR, litre/sec 4.07(1.21) 
IFR, cc/sec 1.48(0.4) 
IPD 7.71(1.27) 
Chest Expansion 1.00(0.70) 
 
Table 2: Pulmonary function parameters of the study population. Values 
expressed as Mean (Standard deviation). Forced vital capacity (FVC), forced 
expiratory volume in 1 sec (FEV1), percentage predicted values for FVC and 
FEV1(FVC% and FEV1%), peak expiratory flow(PEFR), Inspiratory flow rate 
(IFR) measured using an incentive spirometer and Index of pulmonary 
dysfunction(IPD).  
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ASSOCIATION BETWEEN PULMONARY FUNCTION PARAMETERS AND 
DEVELOPMENT OF RESPIRATORY INFECTIONS 
 
Pulmonary function parameters were compared between the patients who developed 
respiratory infection and those who did not develop respiratory infection and are given 
in Table 3.  
 
Forced vital capacity (FVC), forced expiratory volume in 1 sec (FEV1), percentage 
predicted values for FVC and FEV1 (FVC% and FEV1%) and peak expiratory flow 
rates (PEFR) were significantly lower in patients with respiratory infection (P value 
<0.05).  
 
Among the bedside tests for pulmonary function, the only test which was significant, 
was the Index of pulmonary dysfunction (IPD) which was higher in patients with 
respiratory infection. 
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Table 3: 
 
Total 
population 
n=21 
With RI  
n=6 
Without RI 
n=15 
P value 
FVC, litres 
1.96(0.58) 
1.43(0.65) 2.17(0.41) 0.013* 
FVC% 
49.26(14.35) 
33.88(9.69) 55.41(10.90) 0.001* 
FEV1, litres 1.72(0.50) 1.26(0.48) 1.90(0.40) 0.008* 
FEV1% 50.86(14.58) 35.02(8.65) 57.20(11.24) 0.001* 
FEV1/FVC% 88.34(8.54) 90.41(8.92) 87.52(8.57) 0.392 
PEFR, litre/sec 4.07(1.21) 2.93(1.22) 4.53(0.93) 0.004* 
IFR, cc/sec 1.48(0.4) 1.33(0.41) 1.53(0.40) 0.301 
IPD 7.71(1.27) 9.00(0.63) 7.20(1.08) 0.003* 
Chest Expansion, cm 1.00(0.70) 0.58(0.49) 1.17(0.72) 0.068 
 
Table 3: Comparison of pulmonary function in subjects with and without 
respiratory infection (RI), during the period of their inpatient rehabilitation. 
Values expressed as Mean (Standard deviation). Forced vital capacity (FVC), 
forced expiratory volume in 1 sec (FEV1), percentage predicted values for FVC 
and FEV1(FVC% and FEV1%), peak expiratory flow(PEFR), Inspiratory flow 
rate (IFR) measured using an incentive spirometer and Index of pulmonary 
dysfunction(IPD). *P value <0.05. 
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Receiver operating characteristic (ROC) curves were plotted for all pulmonary 
function parameters and area under the curve (AUC) were calculated to determine the 
predictive value of each test for the development of respiratory infection as shown in 
Figure 7 A-G.  
 
An ROC curve is plotted by calculating the true positive rate vs. the false positive rate 
for different cut-off points in each test, in this case for the prediction of respiratory 
infection. Each cut-off point corresponds to a specific combination of sensitivity and 
specificity. 
 
The higher the area under the ROC curve (AUC), the better a predictor the test is for 
the development of respiratory infection. Percentage predicted values of Forced vital 
capacity (FVC%), Forced expiratory volume in 1 second (FEV1%) and Peak 
expiratory flow (PEFR) had an area under the ROC curve (AUC) of above 90%.  
Absolute values of Forced vital capacity (FVC) and Forced expiratory volume in 1 
second (FEV1) had a lower area under the ROC curve (AUC) of 85.6% and 87.8% 
respectively.  
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                                (A)  FCV                                                              (B) FVC% 
 
                                  (C)    FEV1                                                          (D) FEV1%       
AUROC – 85.6% AUROC – 95.6% 
AUROC – 87.8% AUROC – 95.0% 
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                                 (E) PEFR                                                          (F) IFR 
 
                                  (G) IPD 
Figure 7: Receiver operated characteristic (ROC) curves for pulmonary function 
parameters with accompanying area under the curve (AUROC) 
 
(A) Forced vital capacity(FVC) 
(B) Percentage predicted FVC 
(C) Forced expiratory volume in 1 
sec(FEV1) 
(D) Percentage predicted FEV1 
(E) Peak expiratory flow(PEFR) 
(F) Inspiratory flow rate(IFR) 
(G) Index of pulmonary 
dysfunction(IPD)  
AUROC – 63.9% AUROC – 90.6% 
AUROC – 91.7% 
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CUT-OFFS FOR PULMONARY FUNCTION TESTS 
 
Cut offs for the pulmonary function parameters were chosen based on the highest sum 
of sensitivity and specificity and are shown in Table 4.   
 
The cut-off for percentage predicted values for FVC (FVC%) was 44.7% and 
percentage predicted value of FEV1 (FEV1%) was 43.7%. Using these cut-offs, the 
sensitivity of these tests for prediction of respiratory infection was 100%, with a 
specificity of > 85%. 
 
The cut-off for absolute value of Forced expiratory volume in 1 second (FEV1) was 
1.72litres, with a sensitivity of 100% and specificity of 73.3% 
 
The cut-off obtained for peak expiratory flow(PEFR) was 4.31 litres/sec, with a 
sensitivity of 100% and a specificity of 66.7% 
 
The cut-offs for the rest of the pulmonary function parameters gave a sensitivity and 
specificity of less than 100%.  
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Table 4: 
 AUC(%) Cut-off 
point 
Sensitivity 
(%) 
Specificity 
(%) 
FVC, l 85.6 1.83 83.3 80 
FVC% 95.6 44.7 100 86.7 
FEV1, l 87.8 1.72 100 73.3 
FEV1% 95.0 43.7 100 86.7 
PEFR, l/sec 90.6 4.31 100 66.7 
IFR, cc/sec 63.9 1.25 50.0 73.3 
IPD 91.7 8.5 83.3 86.7 
 
Table 4: Predictors of respiratory infection with area under the ROC (AUC%) 
curve and cut offs based on highest sum of sensitivity and specificity. Positive 
predictive value(PPV), Negative predictive value(NPV), Forced vital 
capacity(FVC), forced expiratory volume in 1 sec(FEV1), percentage predicted 
values for FVC and FEV1(FVC% and FEV1%), peak expiratory flow(PEFR), 
inspiratory flow rate(IFR) and Index of pulmonary dysfunction (IPD). 
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ASSOCIATION BETWEEN CLINICAL BEDSIDE MEASURES WITH THE 
PULMONARY FUNCTION TESTS  
Comparison between bedside measures of pulmonary function (i.e Inspiratory flow 
rate measured using an incentive spirometer, Index of Pulmonary Dysfunction and 
Chest expansion) and conventional lung function tests was analysed using the Pearson 
Correlation coefficient (Table 5). Percentage predicted FVC and FEV1 were used for 
comparison as these parameters showed the highest predictive value for respiratory 
infection from the above analysis (Table 4).  
Table 5: 
Variables r (Pearson Correlation) P value 
IPD and FVC% -0.760 <0.001* 
IPD and FEV1% -0.704 <0.001* 
IFR and FVC% 0.272 0.233 
IFR and FEV1% 0.204 0.375 
Chest expansion and FVC% 0.363 0.105 
Chest expansion and FEV1% 0.380 0.090 
 
Table 5: Comparison between bedside measures of pulmonary function i.e 
Inspiratory flow rate(IFR) measured using an incentive spirometer, Index of 
Pulmonary Dysfunction(IPD) and Chest expansion and Percentage predicted 
FVC and FEV1(FVC% and FEV1%), *P value <0.001. 
 
58 
 
SINGLE BREATH COUNT 
Single breath count is an objective component of the Index of Pulmonary 
Dysfunction. Post hoc analysis was performed of Single breath count in patients who 
developed respiratory infection and those who did not. Infection rate was found to be 
significantly higher in patients with lower Single breath counts (p value = 0.04) as can 
be seen in Figure 8. 
 
 
Figure 8: Single breath count in patients who developed respiratory infection(RI) 
and those who did not. p value = 0.04 by Chi square test. 
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SINGLE BREATH COUNT AND PULMONARY FUNCTION TESTS 
Correlation between Single breath count and Percentage predicted FVC and FEV1 
was examined and is shown in Figure 9 and Table 6. 
 
 
Fig 9: Mean and 95% confidence intervals of percentage predicted FVC and 
FEV1 in patients with single breath count above 30, between 20 to 29, and below 
19. 
 
Single Breath Count 
Single Breath Count 
>30                           20 – 29                       1 - 19 
>30                           20 – 29                       1 - 19 
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Table 6: 
Single Breath 
count 
FVC% 
Mean(SD) 
P value 
FEV1% 
Mean(SD) 
P value 
>30 67.55(7.3) 
<0.001* 
67.05(10.08) 
0.004* 20 – 29 49.77(9.5) 51.56(11.67) 
1 – 19 36.13(11.67) 38.78(11.45) 
 
Table 6: Percentage predicted Forced vital capacity (FVC%) and forced 
expiratory volume in 1 sec(FEV1%) in patients with single breath count above 
30, between 20 to 29, and below 19 and corresponding p value. *p value = 0.05. 
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EFFECT OF POSTURE ON PULMONARY FUNCTION TESTS 
In patients who were able to sit, percentage predicted Forced vital capacity (FVC%) 
and forced expiratory volume in 1 sec(FEV1%)  were performed in supine and sitting 
position. The values of FVC% and FEV1% were higher in supine position as shown in 
Figure 10. When FVC% in both positions was compared using paired samples t test, 
the mean difference between the two measures was 5.3 (sd=6.9), which was 
statistically significant (p=0.017).  
 
When FEV1% in both positions was compared using paired samples t test, the mean 
difference between the two measures was 6.0 (sd=6.5), which was statistically 
significant (p=0.006). 
 
Figure 10: Percentage predicted values of Forced vital capacity (FVC%) in 
supine and seated position 
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ANALYSIS OF DEMOGRAPHIC CHARACTERISTICS 
There was a significant difference in the age of patients (P value < 0.05) who 
developed respiratory infections, with the mean age in the group with respiratory 
infection being 24.6 ± 15.5 years and that without respiratory infection being 39.6 ± 
10.8 years. Time since hospital stay was also significantly longer in patients with 
respiratory infection. 
Table 7: 
 
Total 
population 
n=21 
With RI  n=6 
Without RI 
n=15 
P 
value 
Age, years, Mean(SD) 
35.33 
(13.778) 
24.67 
(15.501) 
39.60 (10.822) 0.017* 
Gender, male (%) 20 (90.24) 5 (83.33) 15 (100) 
0.286 
Smokers (%) 5 (23.80) 0 (0) 5 (33.33) 
0.262 
Surgically Stabilized (%)  11 (52.28) 4 (66.67) 7 (46.67) 
0.635 
Asthma (%)  
1 (4.76) 0 (0) 1 (6.67) 
1.000 
Diabetes (%)  
2 (9.52) 0  (0) 2 (0.13) 
 0.906 
BMI>24.9 (%)  
5 (23.81) 1 (16.67) 4 (26.67) 
1.000 
Pressure Ulcers (%)  
8 (38.10) 4 (66.67) 4 (66.67) 
0.146 
Time since injury, days, 
median (min,max) 
58        
(12,355) 
38.5 (12,178) 60  (33,355) 0.186 
Hospital Stay, days, 
median (min,max) 
60         
(12,123) 
80  (60,122) 52   (12,123) 0.026* 
 
Table 7: Demographic characteristics of subjects who developed respiratory 
infection (With RI) and those who did not develop respiratory infection (Without 
RI) during hospital stay. *P value <0.05. 
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The patient’s spinal cord lesion related characteristics are given in Table 8. The level 
of cervical cord lesion was not found to be significant. Analysis of AISA impairment 
scale (AIS) revealed that all patients with respiratory infection had motor complete 
injury, which was significant at 10% level (P value 0.061).  
 
  Table 8: 
 
Total population 
n=21 
With RI 
n=6 
Without RI 
n=15 
P 
value 
Level of Injury 
C3 4 0 4 
0.495 
 
C4 6 2 4 
C5 7 3 4 
C6 4 1 3 
Motor complete injury     
(AIS A&B) 
14 6 8 0.061 
 
Table 8: Spinal cord lesion related characteristics of subjects who developed 
respiratory infection (With RI) and those who did not develop respiratory 
infection (Without RI) during hospital stay. 
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AGE AND COMPLETENESS OF INJURY 
All the patients below 35 years of age had motor complete injuries (Asia Impairement 
Scale A & B) as seen in  Fig 11 
 
 
Figure 11: Number of patients with motor complete and motor incomplete 
injuries as assessed by ASIA impairment scale (AIS). 
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Discussion 
 
THE STUDY POPULATION 
21 patients were recruited for the purpose of the study. 20 were male and the mean 
age among patients was 35 years. 10 patients had an injury level above the 5
th
 cervical 
vertebra and 14 had motor complete injury. 11 were surgically stabilized. The median 
time between injury and recruitment for the study was 58 days.  
 
All the subjects tested had a reduction in pulmonary function parameters. Percentage 
predicted Forced vital capacity (FVC%) was reduced to a mean of 49.26% (± 14.35) 
in the study population.  The percentage predicted Forced expiratory volume in 1 
second (FEV1%) was reduced to 50.86% (± 14.58). The mean FEV1/FVC% was 
88.3% (±8.5). A reduction in Vital capacity to below 80% of predicted values with an 
increased FEV1/FVC ratio (>85 – 90%) indicates a restrictive ventilatory defect(78). 
 
Ledsome et al(50) reported similar values for pulmonary function in acute cervical 
cord injury. They reported a percentage predicted Forced vital capacity (FVC%) of 
31%  and a percentage predicted Forced expiratory volume in 1 second (FEV1%) of 
27% within the first week after spinal cord injury, which improved to 57% and 59% 
respectively at 5 months post injury. They too reported the absence of an obstructive 
component of pulmonary function with FEV1/FVC values consistently above 80%. 
Bluechardt et al(79) also described a similar trend. 
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PREDICTIVE VALUE OF PULMONARY FUNCTION TESTS FOR 
RESPIRATORY INFECTION 
The results of this study show that pulmonary function tests can be used to predict 
respiratory infection during hospital stay, in patients with cervical spinal cord injury 
of less than one year duration. Pulmonary function parameters were significantly 
lower in patients who developed respiratory infection during hospital stay, in 
comparison with patients who did not develop respiratory infection.  
 
Percentage predicted values of Forced vital capacity (FVC%), Forced expiratory 
volume in 1 second (FEV1%) and Peak expiratory flow (PEFR) were found to be the 
best predictors of respiratory infection based on an area under the ROC curve (AUC) 
of above 90%.  Absolute values of Forced vital capacity (FVC) and Forced expiratory 
volume in 1 second (FEV1) were moderately accurate predictors of respiratory 
infection with area under the ROC curve (AUC) of 85.6% and 87.8% respectively.  
 
Cut off values for pulmonary function parameters which were predictive of respiratory 
infection, were calculated based on the highest sum of sensitivity and specificity using 
the ROC curve analysis.  Cut off value for percentage predicted values of Forced vital 
capacity (FVC%) was 44.7%, for percentage predicted value of Forced expiratory 
volume in 1 second (FEV1%) was 43.7%, Using these cut-offs, the sensitivity of these 
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tests for prediction of respiratory infection was 100%, with a specificity of > 85% for 
FVC% and FEV1% . 
 
 
A previous study by Postma et al(6) was conducted to determine the predictive value 
of pulmonary function tests in patients with spinal cord injury, measured at discharge 
from hospital, for development of respiratory infection one year post discharge. 
Postma et al(6) found that almost all the measured pulmonary function parameters 
including Forced vital capacity(FVC), forced expiratory volume in 1 sec(FEV1), 
percentage predicted value of FEV1 (FEV1%) and peak expiratory flow(PEFR), were 
moderately accurate predictors of respiratory infection with an area under the ROC 
curve (AUC) of 70% to 90%. Percentage predicted value of FVC (FVC%) was found 
to be a less accurate predictor with  an area under the ROC curve (AUC) of less than 
70%.   
 
Another study conducted by Schwake et al(80) used pulmonary function tests to 
predict the development of serious respiratory infection in children with 
neuromuscular disorders. The study found that Inspiratory vital capacity (IVC) and 
Peak cough flow (PCF) were the best predictors of serious respiratory infection in 
their patient population.  
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The results of our study are in agreement with the above two studies. The areas under 
the ROC curves (AUC) obtained were lower in the study done by Postma et al(6) than 
in our study. This can be explained by the fact that the previous study included 
patients with all levels of spinal cord injury and hence had a wider range of values for 
the pulmonary function tests.  
 
The cut-offs   for percentage predicted Forced vital capacity (FVC%) and  Forced 
expiratory volume in 1 second (FEV1%) obtained from the ROC curves in the study 
by Postma et al(6) were 77% and 70% respectively. These were much higher than the 
cut-offs obtained for the same parameters in our study which were 44.7% and 43.7% 
respectively. 36.7% of the study population in the study by Postma et al(6) were 
patients with cervical level spinal cord injury. The rest had lower levels of spinal cord 
injury. Since pulmonary function is better at lower levels of spinal cord injury(49), the 
higher cut-offs in the previous study are justified. The cut-off for Peak expiratory flow 
(PEFR) in the previous study was 4.7 litres/second which was similar to that obtained 
in our study i.e. 4.31litres/second.  
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COMPARISON OF BEDSIDE MEASURES OF PULMONARY FUNCTION WITH 
CONVENTIONAL LUNG FUNCTION TESTS FOR PREDICTION OF 
RESPIRATORY INFECTION 
 
The bedside measures of pulmonary function tested in this study were Inspiratory flow 
rate measured using an incentive spirometer, Index of Pulmonary Dysfunction and 
Chest expansion. 
 
Out of these, the Index of Pulmonary Dysfunction was found to correlate well with 
percentage predicted values of Forced vital capacity (FVC%) and Forced expiratory 
volume in 1 second (FEV1%) , with a Pearson correlation coefficient of  r = -0.76 and 
r = -0.70 respectively. The negative correlation indicated that as The Index of 
Pulmonary Dysfunction values increased, the percentage predicted values of Forced 
vital capacity (FVC%) and Forced expiratory volume in 1 second (FEV1%) reduced 
significantly (P value < 0.001 for FEV1% and FVC%).  
 
Inspiratory flow rate measured using an incentive spirometer and Chest expansion did 
not show a significant correlation with pulmonary function parameters. 
 
The Index of Pulmonary Dysfunction was originally developed for detection of 
respiratory muscle weakness in Multiple sclerosis(81). It was found to correlate well 
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with Maximum expiratory pressure (PEmax) but a good correlation with other 
pulmonary function parameters has not previously been demonstrated(54). We plotted 
an ROC curve to determine the predictive value of the Index of pulmonary 
Dysfunction (Index) for respiratory infection. The area under the ROC curve (AUC) 
was 91.7% indicating that the Index was a good predictor. The cut-off for respiratory 
infection chosen based on the highest sum of sensitivity and specificity, was a score of 
8.5, indicating that patients with a score of 8 and below were at a lower risk of 
respiratory infection and those with a score above 8 were at a higher risk of 
respiratory infection (Sensitivity 83.3, Specificity 86.7, Positive likelihood ratio 6.3). 
 
INCIDENCE OF RESPIRATORY INFECTION AND ANALYSIS OF 
DEMOGRAPHIC CHARACTERISTICS 
28.57% of patients in our study had at least one documented episode of pneumonia 
during hospital stay.  This is lower than in earlier studies which showed an incidence 
of respiratory complications of 54% in all levels of spinal cord injury(3) and 62% in 
patients with cervical level spinal cord injury(18). More recent studies on patients 
with cervical level spinal cord injury, with stricter definitions of respiratory infection 
have reported a lower incidence of respiratory infection. Winslow et al.(5) reported an 
incidence of respiratory infection of 12% in 413 patients with cervical spine injuries. 
The study however included 57% neurologically intact patients with only bony injury. 
These patients had a significantly lower incidence of respiratory infection than 
patients with neurological deficits(5).  In a study by Chen et al(82) in 2013, 17.4% of 
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92 patients with cervical spine injuries experienced respiratory complications. There 
was a mortality rate of 31.3% in patients with respiratory complications. There was no 
mortality among the patients included in our study, during hospital stay and for 3 
months post discharge. 
 
Postma et al(6) reported a 10% incidence of respiratory infection, in patients with all 
levels of spinal cord injury, in the first year after discharge from inpatient 
rehabilitation. In our study, 3 months post discharge follow-up data was available for 
15 patients. None of the patients reported respiratory infection after discharge from 
hospital.  
 
Analysis of demographic data revealed a significant difference in the age of patients 
(P value < 0.05) who developed respiratory infections, with the mean age in the group 
with respiratory infection being 24.6 ± 15.5 years and that without respiratory 
infection being 39.6 ± 10.8 years.  
  
 Patient lesion related characteristics were assessed for significant differences in the 
groups with and without respiratory infection. The level of cervical cord lesion was 
not found to be significant. Analysis of AISA impairment scale (AIS) revealed that all 
patients with respiratory infection had motor complete injury, which was significant at 
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10% level (P value 0.061). The association of respiratory infection with motor 
complete injuries has been demonstrated in several other studies(83)(82)(18). 
 
Post hoc analysis of association between age and completeness of injury revealed that 
100% of patients below 35 years had sustained a motor complete injury, whereas 42% 
of those who were 35 years or older had motor complete injuries. This explains the 
finding that respiratory infection was significantly higher in the younger age group, all 
of whom presented with motor complete injuries. Aarabi et al(83) reported a similar 
association between younger age and higher risk of pulmonary complications. This 
however is not a consistent finding in all studies, with Lemons and Wagner reporting 
a higher incidence of respiratory complications with increasing age(18). 
 
RESPIRATORY COMPLICATIONS AND LENGTH OF HOSPITAL STAY 
In this study, the length of hospital stay was found to be significantly higher in 
patients with respiratory infection (P value = 0.026). This is a consistent finding 
across studies(5)(83) with Winslow et al. also describing an increase in hospital costs 
with increasing number of respiratory infections(5). 
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SINGLE BREATH COUNT AND RESPIRATORY INFECTION 
Single breath count was determined as part of the Index of Pulmonary Dysfunction. A 
post hoc subgroup analysis of single breath count and development of respiratory 
infection was done. It was found that as the single breath count decreased, there was a 
significantly higher rate of respiratory infection (P value = 0.04). None of the patients 
with a Single breath count of above 30 developed respiratory infection. 
 
The Single breath count was also found to correlate well with percentage predicted 
values of Forced vital capacity (FVC%) and Forced expiratory volume in 1 second 
(FEV1%). An increase in Single breath count of 10 counts, was associated with an 
increase of 15.5% in percentage predicted values of Forced vital capacity (FVC%) and 
an increase of 14% in percentage predicted value of Forced expiratory volume in 1 
second (FEV1%). 
 
The correlation between Single breath count and of Forced expiratory volume in 1 
second (FEV1) has previously been demonstrated in patients attending a routine 
pulmonary medicine clinic(57). There are no previous studies demonstrating this 
correlation in patients with spinal cord injury. As the Single breath count is easy for 
even acutely injured patients to perform, it can give a quick estimate of the pulmonary 
function of the patient. 
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  EFFECT OF POSTURE ON PULMONARY FUNCTION 
In normal subjects, pulmonary function parameters are significantly higher in sitting 
position rather than supine position(84). 
 
The values of FVC% and FEV1% obtained in this study were higher in supine 
position. When FVC% in both positions was compared, the mean difference between 
the two measures was 5.3 (sd=6.9), which was statistically significant (p=0.017). 
When FEV1% in both positions was compared, the mean difference between the two 
measures was 6.0 (sd=6.5), which was statistically significant (p=0.006).  
 
This finding of reduction in Forced vital capacity (FVC) and Forced expiratory 
volume in 1 second (FEV1) in seated position, has been demonstrated in previous 
studies(85)(86) and the magnitude of change in volume was similar to that in our 
study. 
 
The mechanism of this effect can be explained by a more favourable end expiratory 
position of the diaphragm in supine position(85). The effect of gravity on the 
abdominal contents in seated position causes a descent of the diaphragm and a 
reduction in the length-tension relationship. This causes an increase in the residual 
volume and a reduction in the inspiratory capacity(31).   
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Limitations of the Study 
 
1. The sample size required for the study was not obtained, hence the study was 
analyzed with a smaller number of patients. However, the results of the study 
are significant and warrant continuation of the study to include a larger number 
of patients.  
 
2. A cost analysis was not done in the present study. Estimating the cost – benefit 
ratio of performing pulmonary function tests for all patients vs. the amount 
saved from prevention of respiratory infection will determine whether this 
investigation should be routinely performed for this patient population. 
 
 
3. The cut-off points derived from ROC curve of the Index of Pulmonary 
dysfunction need to be applied clinically. Additional supportive physical 
interventions need to be provided as necessary to the patients who are at a 
higher risk of respiratory infection (compared to standard care), and they need 
to be prospectively observed for a difference in clinical outcomes.  
 
4. Single breath count was found to have a good correlation with percentage 
predicted values of Forced vital capacity (FVC%) and Forced expiratory 
volume in 1 second (FEV1%), however predictive values and cut-offs for 
single breath count could not be calculated as it was assessed categorically and 
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not as a continuous variable. Assessment of single breath count as a continuous 
variable may enable estimation of its predictive value for respiratory infection 
in patients with cervical cord injury.  
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Conclusion 
 
The following conclusions can be drawn from this study. 
 
1. Pulmonary function tests can be used to predict respiratory infection during 
hospital stay, in patients with cervical spinal cord injury of less than one year 
duration.  Percentage predicted values of Forced vital capacity (FVC%) and 
Forced expiratory volume in 1 second (FEV1%) were the best predictors of 
respiratory infection. Using cut-offs of 44.7% for Forced vital capacity 
(FVC%), and 43.7% for Forced expiratory volume in 1 second (FEV1%), the 
sensitivity of these tests for prediction of respiratory infection was 100%, with 
a specificity of > 85%. 
 
 
2. The Index of Pulmonary dysfunction correlates with Percentage predicted 
values of Forced vital capacity (FVC%) and Forced expiratory volume in 1 
second (FEV1%) in the prediction of respiratory infection, with a slightly 
reduced sensitivity. Patients with an Index score of above 8 were at a higher 
risk of respiratory infection (Sensitivity 83.3, Specificity 86.7, Positive 
likelihood ratio 6.3) 
 
3. Respiratory infections significantly increase the length of hospital stay in 
patients with cervical spinal cord injury. 
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ANNEXURE 4 – PATIENT INFORMATION SHEET 
 
 TITLE: PREDICTIVE VALUE OF PULMONARY FUNCTION TEST FOR RESPIRATORY INFECTIONS IN CERVICAL 
CORD INJURY  
PATIENT INFORMATION SHEET  
You are being requested to participate in a study to see if pulmonary function testing is useful in predicting the 
development of pneumonia in patients with cervical spinal cord injury  
What is the spinal cord injury?  
The spinal cord is a large collection of nerves that travels from the bottom of the brain down your back. There 
are 31 pairs of nerves that leave the spinal cord and go to supply the arms, legs, chest and abdomen. An injury 
to the upper portion of the spinal cord in the neck can cause quadriplegia-paralysis of both arms and both legs. 
If the injury to the spinal cord occurs lower in the back it can cause paraplegia-paralysis of both legs only. 
Injuries to the spinal cord can cause weakness or complete loss of muscle function and loss of sensation in the 
body below the level of injury, loss of control of the bowels and bladder, and loss of normal sexual function.  
What is pneumonia and why do people with spinal cord injury get it?  
Pneumonia is a bacterial infection of the lungs. In patients with spinal cord injury there is weakness of all the 
muscles from below the site of injury. When this spinal injury occurs at the neck there is weakness of the 
respiratory muscles. In view of this weakness there is reduced clearing of secretions. As secretions accumulate 
it creates an environment in which bacteria can grow.  
What are pulmonary function tests?  
Pulmonary function tests (PFTs) are noninvasive diagnostic tests that tell us about the function of the lungs. 
This test is performed using an instrument called spirometer. The spirometer measures the amount of air 
breathed in and/or out and how quickly the air is inhaled and expelled from the lungs while breathing through 
a mouthpiece.  
What is the purpose of doing this study?  
In this study we wish to see if an abnormal PFT can predict the occurrence of pneumonia in patients with 
spinal cord injury during the hospital stay as well as during the first year after discharge  
If you take part what will you have to do?  
If you agree to participate in this study, apart from, routine clinical care you will have to undergo a PFT test 
after admission. PFT Is a noninvasive test and has no side effects or complications. You will not be charged for 
the study. Data regarding your medical history and PFT will be recorded in a structured proforma and will be 
kept confidential. Periodic assessments not separate from routine clinical care will be done to detect, treat and 
document episodes of pneumonia during hospital stay. Also after discharge you will be contacted one year 
later and you will be asked about hospital admissions for pneumonia.  
Can you withdraw from this study after it starts?  
Your participation in this study is entirely voluntary and you are also free to decide to withdraw permission to 
participate in this study. If you do so, this will not affect your usual treatment at this hospital in any way  
If you have any further questions, please ask Dr.Abhita Braganza, Dr.Judy Ann John, or Dr. 
Balmugesh(telephone/mobile no.: 0416 2282158, email: abhita@cmcvellore.ac.in  
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ANNEXURE 5 – CONSENT FORM 
 
 Informed Consent  
Study Title: PREDICTIVE VALUE OF PULMONARY FUNCTION TEST FOR RESPIRATORY 
INFECTIONS IN CERVICAL CORD INJURY  
Study Number: ____________  
Subject’s Initials: __________________ Subject’s Name: _________________________________________  
Date of Birth / Age: ___________________________  
(i) I confirm that I have read and understood the information sheet dated ____________ for the 
above study and have had the opportunity to ask questions.  
(ii) I understand that my participation in the study is voluntary and that I am free to 
withdraw at any time, without giving any reason, without my medical care or legal rights 
being affected.  
(iii) I understand that the Sponsor of the clinical trial, others working on the Sponsor’s 
behalf, the Ethics Committee and the regulatory authorities will not need my permission to 
look at my health records both in respect of the current study and any further research that 
may be conducted in relation to it, even if I withdraw from the trial. I agree to this access. 
However, I understand that my identity will not be revealed in any information released to 
third parties or published.  
(iv) I agree not to restrict the use of any data or results that arise from this study provided 
such a use is only for scientific purpose(s).  
(v) I agree to take part in the above study.  
(vi) I am aware of the Audio-visual recording of the Informed Consent.  
Signature (or Thumb impression) of the Subject/Legally Acceptable  
Date: _____/_____/______                                                                                                                      
Signatory’s Name: _________________________________ Signature:  
Or Thumb Impression __________________________  
Representative: _________________  
Date: _____/_____/______  
Signatory’s Name: _________________________________  
Signature of the Investigator: ________________________  
Date: _____/_____/______  
Study Investigator’s Name: _________________________  
Signature or thumb impression of the Witness: ___________________________  
Date: _____/_____/_______  
Name & Address of the Witness: ______________________________ 
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ANNEXURE 7 – POST DISCHARGE FOLLOW UP DATA COLLECTION 
 
To the Primary Physician/ treating Doctor, 
Date: ______________ 
Respected Sir/ Madam, 
Mr/Ms/Mrs _______________________________ is part of a study being conducted 
by me at CMC Hospital - Vellore to determine the predictive value of Pulmonary 
function tests in respiratory infection in persons with cervical spinal cord injury.  
I request you to please kindly fill the table below with any examination findings or 
investigations that you observe if he/ she presents to you with a lower respiratory 
infection. 
In case of any clarification kindly feel free to contact me at (phone number, e-mail 
address and postal address of principal investigator) 
 
Date:  
Chest X-ray: 
 New or progressive and 
persistent infiltrate 
 Consolidation 
 Cavitation 
 
99 
 
Fever( Temperature)  
WBC count  
New onset of purulent sputum  
New onset or worsening cough  
Respiratory rate  
Pulse  
Bronchial Breath sounds  
SpO2  
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